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Non-invasive ventilation 2

Ventilatory support after extubation in critically ill patients

Salvatore Maurizio Maggiore, Mariangela Battilana, Luca Serano, Flavia Petrini

The |periextubation period represents a crucial moment in the management of critically ill patients. Extubation failure,
defined as the need for reintubation within 2—7 days after a planned extubation, is associated with prolonged mechanical
ventilation, increased incidence of ventilator-associated pneumonia, longer intensive care unit and hospital stays, and
increased|mortality. Conventional oxygen therapy is commonly used after extubation. Additional methods of non-invasive
respiratory support, such as non-invasive ventilation and high-flow nasal therapy, can be used to avoid reintubation. The
aim of this Review is to describe the pathophysiological mechanisms of postextubation respiratory failure and the
available techniques and strategies of respiratory support to avoid reintubation. We summarise and discuss the available
evidence supporting the use of these strategies to achieve a tailored therapy for an individual patient at the bedside.

Introduction
The peri-extubation period represents a crucial moment
in the management of critically ill patients. P*textubat‘ion
acute respiratory fai_lure (ARF) occurs in 10-20% of
patients who meet all weaning criteria and successfully
perform aspontaneous breathing trial, who might require
emergency reintubation '* Reintubation is usually related
to airway failure (aspiration, ineffective cough, or upper
airway obstruction), weaning failure (primary respiratory
failure, congestive heart failure, onset of new sepsis,
acute coronary syndrome, or neurological impairment),
or surgical complications such as bleeding or anastomotic
leak.’ In particular, surgical complications are a major
cause of extubation failure in the postoperative setting,
needing prompt identification and correction.

Extubation failure has been defined as the need for
reintubation occurring within 2-7 days after a planned

Key messages

- [Extubation failure is associated with prolonged
mechanical ventilation, increased frequency of ventilator-
associated pneumonia, longer stays in the intensive care
unit and in the hospital, and increased mortality

« Identifying patients at greater risk of extubation failure is
important for choosing the appropriate technique of
non-invasive ventilatory support to improve weaning
outcome

« Several techniques of respiratory support (conventional
oxygen therapy, high-flow nasal therapy, continuous
positive airway pressure, and non-invasive ventilation)
can be used with different strategies (facilitative,
preventive, or therapeutic) to avoid extubation failure

+ Any postextubation respiratory support treatment should
not delay intubation and escalation to invasive
mechanical ventilation, when this is more appropriate

+ Inthe era of precision medicine and personalisation of
care, future studies are needed to help clinicians to use the
right device, with the right setting, in the right patient, at
the right time

extubation,"” resulting in increased mortality (25-50%),
prolonged mechanical ventilation, increased frequency
of ventilator-associated pneumonia, and longer intensive
care unit (ICU) and hospital stays.*” It is therefore
essential to identify patients at high risk of postextubation
ARF in order to choose an appropriate strategy of
respiratory support able to improve their outcome.

Conventional oxygen therapy (COT) is commonly
used to correct residual oxygenation impairment after
extubation, a condition reported as a frequent cause
of weaning failure.*” Although COT can improve oxygen-
ation, it has only a minimal effect on the main patho-
physiologicallmechanismswhich can lead to postextubation
ARF and reintubation (eg, atelectasis, excessively high
respiratory workload, or |decreased respiratory muscle
force). Non-invasive ventilation (NIV) and high-flow nasal
therapy (HFNT) have been implemented as effective
alternative approaches aimed at protecting extubation."**

In this Review we will describe: the pathophysiological
mechanisms of postextubation ARF, the main techniques
of non-invasive respiratory support used after extubation
(NIV, HFNT, and COT), strategies of postextubation
respiratory support (facilitative, preventive, and thera-
peutic) and their indications to achieve a tailored therapy
for specific types of patient, and areas of uncertainty and
of future research.

Pathophysiological changes related to
extubation

Extubation and the subsequent passage from positive
pressure mechanical ventilation to unassisted breathing
are the cause of several pathophysiological changes in the
airway status or in the weaning (cardiorespiratory) status,
including lung aeration, haemodynamics, and neuro-
muscular function, which, alone or in association, are the
substrate for extubation failure, especially in high-risk
patients (figure 1).

Changes in airwaz status

Upper airway obstruction is one of the common causes of
extubation failure (2=16% of ICU patients), requiring, in
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some cases, an emergent reintubation.” The most frequent
cause of upper airway obstruction after extubation is
ﬂ which derives from mechanical trauma
caused by the intubation, especially in cases of difficult
intubation, multiple intubation attempts, prolonged
intubation, use of inappropriately large endotracheal tube
size, high cuff pressure, female sex, and reintubation after
unplanned extubation. After removal of the endotracheal

tube, the airway diameter might be substantially reduced,
thus increasing airway resistance, which, in turn, can lead

to respiratory distress.™* The quantifative cuff leak testis
Seteeiing (est reComIENGEL before extubation in patients

at risk of postextubation stridor.”® The test is considered

(which is the
cuff and
when the cuff is is

between

www.thelancet.com/respiratory Vol 6 December 2018

or if the expiratory volume with deflated cuff is-
than of the inspiratory volume. In these cases, the
administration of ﬁ

might decrease laryngeal inflammation and oedema.**"”
Another less frequent cause of upper airway obstruction is
represented by_ due to a greater susceptibility
of inflamed airway to reflexogenic stimuli, such as
epipharyngeal and laryngopharyngeal stimulation.
Additionally, excessive tracheobronchial secretions at
the time of extubation, together with a weak or ineffective

cough, can lead to impaired airway competency and,
consequently, to extubation failure.

Weaning status includes lun _
and _ Discontinuation of
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mechanical ventilation might cause a loss of pulmonary
aeration, leading to decreased lung compliance, vent-
ilation—perfusion mismatch, and shunt effect.*® Different
pathophysiological changes are associated with loss of
lung aeration, such as atelectasis, alveolar transudation,
and oedema. During spontaneous breathing, the decrease
in transpulmonary end-expiratory pressure can reduce
lung volume to values below the closing capacity in
unstable alveoli, resulting in collapse and atelectasis
formation. Atelectasis plays a fundamental role in the
pathophysiology of postextubation ARF Dbecause the
heterogeneity of the lung parenchyma can lead to elevated
regional driving transpulmonary pressure (the difference
between end-inspiratory transpulmonary pressure and
end-expiratory transpulmonary pressure), worsening of
lung injury, pulmonary oedema, and respiratory distress.*"
Besides, intrapulmonary shunt in atelectatic zones elicits
hypoxic pulmonary vasoconstriction, which increases
pulmonary vascular resistances. Alveolar transudation and
oedema after extubation are caused by increased difference
between intravascular capillary pressure and alveolar
pressure and by increased cardiac output.

Discontinuation of mechanical ventilation can cause
pronounced negative swings in intrathoracic pressure,
depending on the patient’s inspiratory effort.** This
implies an increase in left ventricular transmural pressure
and afterload, which derives from the difference between
systolic aortic pressure and intrathoracic pressure.
Transdiaphragmatic pressure (the difference between
abdominal pressure and intrathoracic pressure) increases
after discontinuation of ventilation because there is a
greater diaphragmatic excursion during spontaneous
breathing than during mechanical ventilation, causing
higher abdominal pressure and a compressive effect on
the abdominal viscera and vessels, while intrathoracic
pressure decreases to negative values. This pressure
gradient leads to an increase in venous return and in right
ventricular preload. In addition, at extubation, stimulation
of airway receptors causes increased sympathetic activity,
which might result in hypertension, increased heart rate,
and arrhythmias.??

Liberation from mechanical ventilation requires
adequate neuromuscular activity to overcome the
impedance of the respiratory system, to meet metabolic
demands, and to maintain adequate gas exchanges.'
Mechanical ventilation can be associated with diaphrag-
matic weakness, injury, and atrophy, which occur rapidly
in critically ill patients, leading to difficult weaning.*
Diaphragmatic atrophy is associated with excessive
ventilatory assistance, which acts on central drive to
suppress the patient’s inspiratory effort, whereas inade-
quate ventilatory support potentially causes insufficient
unloading of the respiratory muscles, leading to load-
induced diaphragmatic inflammation and injury.”® Other
risk factors are related to diaphragmatic dysfunction
in critically ill patients, such as primary neuromuscular
weakness and critical illness polyneuropathy and

myopathy.* Several studies have shown that diaphragm
dysfunction developing during mechanical ventilation
is strongly linked to difficult weaning and worsened
clinical outcomes.””* During unassisted breathing after
extubation, these changes in diaphragm function can
lead to an imbalance between the respiratory muscles’
capacity and the respiratory load, with clinical mani-
festations of respiratory distress such as use of accessory
respiratory muscles, paradoxical breathing, rapid shallow
breathing, and gas exchange impairment.

All these pathophysiological changes can lead to
increased work of breathing and CO, production,
worsening of oxygenation, recruitment of accessory
respiratory muscle, paradoxical breathing, rapid-shallow
breathing and, thus, a further increase in respiratory
load. The imbalance between the available respiratory
muscle force and the required muscle power finally
results in muscle exhaustion and ARF. Furthermore,
hypoxia and metabolic acidosis impair respiratory
muscle function and cardiac function, triggering a
vicious circle that, in the absence of adequate therapeutic
measures, can lead to cardiorespiratory arrest.

Techniques of respiratory support after
extubation

Different techniques, such as NIV, HENT, or COT, are
used to support oxygenation or spontaneous ventilation
with the aim of protecting extubation. We summarise the
main physiological effects of each technique, focusing on
the relevant aspects in the postextubation setting.

Non-invasive ventilation
NIV is a form of mechanical ventilatory support that does
not require an artificial airway (endotracheal tube or
tracheostomy) and is provided through various interfaces
(ie, mask, helmet, prongs).® The term NIV usually
includes both continuous positive airway pressure
(CPAP) and non-invasive, bi-level positive pressure venti-
lation, often delivered with pressure support ventilation
and positive end-expiratory pressure.” In this Review, we
use the term NIV to refer to bi-level positive pressure
ventilation, and use the term CPAP to specifically refer to
this distinct mode. CPAP delivers a constant positive
airway pressure throughout the entire respiratory cycle
(both inspiration and expiration), without providing any
assistance to the patient’s inspiratory effort. NIV is a
ventilatory technique in which a positive inspiratory
pressure (ie, pressure support ventilation) is provided by
the ventilator, assisting the patient’s inspiratory effort.”*
In patients without criteria for immediate intubation
(eg, inability to protect the airways, cardiorespiratory
arrest), NIV offers several advantages compared with
invasive mechanical ventilation, including improved
patient comfort, reduced sedation need, lower frequency
of nosocomial infections, and fewer complications
related to the intubation manoeuvre (eg, airway injuries,
laryngeal oedema, and glottic oedema).*

www.thelancet.com/respiratory Vol 6 December 2018



NIV and CPAP have several physiological e ects on the Several physiological eects of HFNT have been
respiratory and cardiovascular systems. CPAP andlescribed, underlining how it is a technique of true
positive end-expiratory pressure prevent airway closuraespiratory support, rather than an alternative way to
and alveolar collapse at the end of expiration, thussimply deliver oxygen therap{>***First, HFNT is able to
promoting alveolar recruitment, increasing aerated lung deliver a higher and more stable F O The continuous,
volume, decreasing ventilation—perfusion mismatch, high gas ow, in fact, can match or even exceed the patient's
and improving hypoxaemig* Application of a pressure inspiratory ow, thus decreasing entrainment of ambient
above positive end-expiratory pressure (ie, in pressurair during inspiration and improving oxygenatiorf:**°
support ventilation mode) supports the inspiratory phase Second, the high gas ow washes out the upper airway
and increases tidal volume and alveolar ventilation,(anatomic) dead space. In a study in ten healthy volunteers,
leading to an improvement in gas exchange&’ NIV also Moller and colleague¥ showed a direct relationship
reduces the work of breathing. The inspiratory pressure between gas ow rate and clearance of a radioactive tracer
support decreases indices of diaphragmatic e ort and gas in the upper airways, conrming their previous
energy expenditure (eg, transdiaphragmatic pressure ndingsinanupperairway model®Inthree tracheotomised
and pressure—time product, diaphragmatic electric patients, these authors reported ow-dependent F.O
activity)**” The use of positive end-expiratory pressureincrease and reduced inspired carbon dioxide (Qan the
further reduces the work of breathing by decreasingtrachea, which supports the hypothesis that HFNT
inspiratory threshold load (in patients with intrinsic decreases rebreathing and dead space, thus improving
positive end-expiratory pressure) and elastic load byalveolar ventilation and gas exchanfe.Third, HFNT
increasing respiratory system compliancé®“* The generates positive airway pressure. The high gas ow
change in respiratory pattern and reduction of dyspnoeaincreases expiratory resistance, thus raising upper airway
are important clinical eects resulting from gas pressure during expiration (positive end-expiratory
exchange improvement and from reduction of the pressure e ect)* This e ect is dependent on gas ow,
patient's inspiratory e ort.*** Compared with spom mouth opening, and size of the nasal cannula. Studies have
taneous breathing, positive pressure ventilation deliveredshown a positive linear correlation between the set gas ow
during NIV and CPAP reduces left ventricular preload, and the value of mean airway pressuf&?which can reach
afterload, and compliance in healthy idividuals?“* an average o83 cm H,O (SD 1) at 50 L/min when the
These e ects can be useful in pathological conditions, mouth is closed® The higher airway pressure increases the
such as ARF owing to cardiogenic pulmonary oedemaend-expiratory lung volume, promoting alveolar
and heart failure, a not-infrequent condition associated recruitment and preventing alveolar collapse, which
with extubation occurring as a consequence of theimproves ventilation:perfusion ratio and oxygenatiori>>*
change in intrathoracic pressure (from positive during Another physiological e ect of the HFNT is to decrease
mechanical ventilation to negative after extubation) in the patient's inspiratory e ort. In a physiological study in
patients with heart disease (eg, coronary artery disease quatients with acute respiratory failure, Mauri and colleagues
mitral valve disease). In this case, the constant positivereported that, as compared with a standard facial mask,
pressure provided throughout the respiratory cycle with HFNT decreased oesophageal pressure swings (by 19% on
CPAP increases intrathoracic pressure, reduces venousverage) and pressure—time product, a measure of the
return to the right atrium, and decreases left ventricular metabolic work of breathing (by 28% on averagéfeveral
transmural pressure (and, accordingly, left ventricular mechanisms might explain the reduction in the patient's
afterload), thus resulting in enhanced left ventricular inspiratory e ort with HFNT, including the decrease in
performance and decreased extravascular lung water.hypoxic drive related to improvement in oxygenation,
Several studies have shown that, as compared with COTenhanced CQ clearance related to washout of the upper
the application of CPAP and NIV in patients with airways, and improvement in lung mechanics. In addition,
cardiogenic pulmonary oedema has many bene cial the high gas ow splints the upper airways, reducing their
physiological e ects, including improvement in tendency to collapse. This causes a reduction of inspiratory
respiratory mechanics and gas exchange, decrease in thairway resistance and a lower resistive respiratory work.
work of breathing, and reduction of systolic arterial Finally, HFNT improves humidi cation of inspired gas,
pressure and heart raté&,*which can decrease the need facilitating clearance of secretions through preservation of

for intubation and improve patient outcomeg¢* normal ciliary function of epithelial cells and composition
of mucus®® Moreover, delivery of heated and humidi ed
High- ow nasal therapy gas decreases the metabolic cost of breathing associated

Clinical e cacy of HFNT is already known in the with gas conditioning.

neonatal and paediatric setting$, but in recent years All these e ects contribute to improve patient comfort
HFENT has been increasingly used in critically ill adultS. and alleviate dyspnoea during HFNT’ As compared with
This device delivers high ow of humidi ed gas, with a other forms of oxygen therapy and respiratory support
set inspired oxygen fraction (F Q and a set gas ow up delivered through a facial interface, the greater comfort
to 100 L/min (most commonly 50—60 L/min)? with HFNT is also related to the nasal interface, which
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Preweaning Start of Extubation Extubation aftgr ARF | | Reintubation
weaning despite SBT successful SBT
failure
' = o— >
Facilitative Preventive Therapeutic
(NIV) (NIV, HENT) (NIV, HENT)

Ventilatory strategies to protect extubation in
di erent patient populations

Liberating a patient from invasive mechanical ventilation
is a daily challenge in the ICU. The planned extubation is
a crucial moment whose timing is determined by
resolution of the underlying cause of ARF and a
successful spontaneous breathing trial. Even if the
spontaneous breathing trial is successful, extubation can

Figure : Strategies of ventilatory support after extubation

fail and might result in reintubation. Reintubation is

SBT=spontaneous breathing trial. ARF=acute respiratory failure. NIV=non-invasive ventilation. HENT=RigsQsiated with a greater risk of unfavourable outcome,

nasal therapy.

leading to prolonged mechanical ventilation, a higher
risk of ventilator-associated pneumonia, longer ICU and

Facilitative Preventive Therapeutic

NIV-  Suggested in patients Not suggested in non-high-risk medicallot suggested in patients
CPAP* with hypercapnic patients; suggested in high-risk medicalith established
respiratory failure; patients; suggested for patients with postextubation respiratory
no recommendation forpostoperative acute respiratory failurefailure; suggested for
hypoxaemic patients patients with postoperative,
acute respiratory failure

HFNT No data available in Better than COT in unselected, No data available in medic
medical patients non-high-risk medical patients; similargatients; non-inferior to
NIV in high-risk medical patients; at led8V in patients with
non-inferior to NIV in patients at risk opostoperative ARF after
postoperative ARF after cardiothoracicardiothoracic surgery
surgery

NIV=non-invasive ventilation. CPAP=continuous positive airway pressure. HFNT=high- ow nasal therapy.
COT=conventional oxygen therapy. ARF=acute respiratory failure. *Based on the o cial ERS—ATS clinical
guidelines on NIV for ARF and the ATS—ACCP clinical practice guidelines on liberation from mechanical
critically ill adults®

Table : Strategies of postextubation ventilatory support

hospital stays, and increased mortalityimplementing
an appropriate strategy of postextubation ventilatory
support can improve outcome.

Three strategies of ventilatory support can be used after
extubation: facilitative, when it allows an early extubation in
selected patients who have failed the spontaneous breathing
trial, with the aim of reducing duration of invasive vent
2l jlation and its associated complications; preventive, in
selected and unselected patients, to prevent onset of post
extubation ARF; and therapeutic, to avoid reintubation in
patients with postextubation ARF ( gure 2, table 19.

Facilitative strategy
prafetients who have dicult weaning are exposed to
entigiihSlications related to prolonged invasive mechanical
ventilation. In these patients, duration of the weaning
phase can exceed 40-50% of the overall ventilation peftod.

does not interfere with normal daily activities and resu

Patients at higher risk of weaning failure often havieeen
admitted with acute exacerbations of COPD, develop
Its hypercapnia during the spontaneous breathing trial, or

in higher compliance with treatment even in patients with both. When these patients fail to meet extubation criteria

claustrophobia who are intolerant to other devicé&s®

Oxygen

after the spontaneous breathing trial, non-invasive
ventilatory strategies for facilitative purpose allow early
extubation, a shorter duration of invasive mechanical

Oxygen is one of the most frequently administered ventilation, and a faster weaning process. NIV is the only
therapies in the hospital setting. Supplemental oxygenrespiratory support that has been used for facilitative
therapy is prescribed to correct hypoxaemia and to prevenpurposes after extubation in patients with COPD or with
tissue hypoxia, preventing a switch to anaerobic metahypercapnia and several studies support its e cacy in this
bolism, lactic acidosis, and ultimately cellular antissue setting. The physiological rationale of this use of NIV was
damage. COT is provided by easy-to-use devices, whiathescribed by Vitacca and co-worké&sn a study done in
are divided into low- ow devices (eg, nasal cannulae and12 patients a ected by acute-on-chronic hypercapnic ARF,
simple face masks, with or without reservoirs) and high- not able to sustain autonomous breathing. They showed

ow devices (eg, the Venturi mask). Low- ow nasa
cannulas can be used at a maximum set O ow

| that pressure support ventilation, delivered during invasive
of ventilation (before extubation) and during NIV (after

4 L/min, above which discomfort related to airway drynessextubation), produced the same e ects in terms of gas
prevails, whereas a maximum O ow of 15 L/min can be exchange, diaphragmatic e ort, and respiratory meeh
set with the Venturi mask or reservoir masF O can be anics® Furthermore, the dyspnoea score was substantially
set more reliably with the Venturi mask, whereas it can lower during NIV. The rst clinical study on facilitative use
only be estimated, on the basis of the set oxygen ow, withof NIV during weaning was done by Nava and colleagtfes
the other devices. With all conventional oxygenationin 50 patients with COPD and hypercapnic ARF, who were
devices, however, the real delivered® will depend not invasively ventilated for 48 h and had experienced failure of
only on the set oxygen ow but also on the patient's the rst spontaneous breathing trial. These authors
inspiratory ow, respiration rate, and tidal volume, which, reported that early, continuous NIV, applied just after

at the highest values, can lead to entrainment of room
and reduction of delivered FO .*

952

airextubation as a bridge to unsupported spontaneous
breathing, was able to reduce duration of mechanical
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ventilation, ICU length of stay, ventilator-associated Society (ATS) guidelines suggested the use of NIV to
pneumonia, and 60-day mortality, as compared withfacilitate weaning from mechanical ventilation in
conventional weaning done with invasive ventilatiofi.ln  patients with hypercapnic ARF (conditional recommen
33 patients with acute-on-chronic respiratory failure, dation, moderate certainty of evidence), whereas no
Girault and co-workers found that, when compared with a recommendation was provided for hypoxaemic patients.
standard weaning approach, facilitative NIV yielded similar No studies have assessed the e ect of HFNT to fatalie
weaning success, survival, and ICU length of stay. NIVweaning from mechanical ventilation. A post-hoc
reduced time spent on invasive mechanical ventilation, analysis® of the Bilevel Positive Airway Pressure Versus
although overall duration of mechanical ventilation Opti ow study® suggested that facilitative HFNT or NIV
increased? Similar results were found in a subsequent, had a similar e ect on likelihood of treatment failure in
larger randomised controlled trial* The clinical bene ts of  patients who underwent cardiothoracic surgery (28% for
facilitative use of NIV were further supported in a small HFNT vs 41% for NIV, respectively, p=0-33), but too few
randomised controlled trial in patients with persistent patients were included for any meaningful conclusion on
weaning failure (ie, for 3 days). The trial was stopped afterthis issue.
the rst planned interim analysis (33 patients enrolled)
because the NIV group showed a substantial reduction inPreventive strategy
duration of invasive ventilation, nosocomial acquired Respiratory support after extubation for preventive
infections, tracheotomy, ICU stay, mortality, and other purposes aims to avoid postextubation ARF in patients
serious complications?® Burns and colleague$™have done undergoing planned extubation. Identifying patients at
several systematic reviews and meta-analyses, the last afk is important to select the most appropriate technique
which included 16 randomised controlled trials for a total of of respiratory support and to prevent extubation failure.
994 patients, invasively ventilated for ARF from di erent Various risk factors for extubation failure have been
causes (COPD, non-COPD, postoperative, medical) andlescribed in the literature. They can be classi ed as risk
weaned by means of early extubation followed byfactors related to the patient or comorbidities, risk factors
immediate application of NIV or invasive weaning. Most related to acute pathology, and risk factors related to
included patients had COPD exacerbations, eightals functional parameters, such as bedside predictive tests
included COPD exacerbations only, seven included a mixpanel)**4"#-%The most commonly reported risk factors
(but mostly COPD exacerbation), and one includedare older age (>65 years) and underlying cardiac
hypoxaemic patients. They found that, compared with or respiratory diseasé!* The patient's category (ie, medical
invasive weaning, weaning with NIV substantially or surgical) is also important, with extubation failure being
decreased mortality, with greater bene ts onlin patients more prevalent in critically ill medical patients (up to more
with COPD (risk ratio [RR] 0-36, 95% CI 0-24-0-56 in than 20%) than in a surgical, postoperative setting (<10%).
COPDvs RR 0-81, 95% CI 0-47-1-40 in mixed population).
Furthermore, patients who received NIV had substantially Critically ill medical patients
shorter ICU stays, hospital stays, duration of invasiveThe e ects of early application of NIV and HFNT soon
mechanical ventilation, and total duration of ventilation, after extubation, as an alternative to COT, have been
and substantially less frequent weaning failure, ventilator- assessed in unselected, non-high-risk patients (ie, any
associated pneumonia, tracheotomy, and reintubation.patients without risk factors after planned extubation)
Interpretation of these results should, however, take into and in high-risk patients.
account the limitaions of the studies, which are mainly  In unselected, non-high-risk patients, two studies did
due to poor generalisability to di erent patient categories not show di erences between preventive NIV and COT
and the small number of patients included in each study” on reintubation frequency and mortality*** On the basis
One pilot trial (the one trial of hypoxaemia included in the of these data, the ERS—-ATS guidelines suggested not to
Burns meta-analysishas assessed the e ects of NIV as ause NIV to prevent postextubation ARF in this setting
facilitative strategy for weaning in patients with hypoxaemic (conditional recommendation, very low certainty of
ARF™ After 48 h of invasive ventilation, 20 hypoxaemic evidence):
patients were randomly assigned to standard weaning or to Studies have highlighted the role of HFNT to prevent
early extubation and NIV. There were no di erences in gas postextubation ARF. Maggiore and colleaguedid an
exchange and likelihood of weaning success, but theopen-label, bi-centre, randomised controlled trial to
number of days of invasive ventilation were substantiallycompare the eects of HFNT and COT (through a
reduced in the NIV group. Although these results suggest Venturi mask) applied immediately after extubation in
the feasibility of facilitative NIV in selected hypoxaemic 105 critically ill patients with moderate hypoxaemia (ie,
patients at experienced centres, the small number ofarterial partial pressure of oxygen [PaO ]/® 300) at
patients precludes the drawing of any meaningful the end of the spontaneous breathing trial preceding
conclusion. extubation. For the same delivered B , patients treated
On the basis of the available evidence, the Europeamith HFNT showed better oxygenation than those treated
Respiratory Society (ERS) and American Thoraciowvith the Venturi mask and this e ect lasted up to 48 h.
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compared with COT in 632 critically ill medical patients

Panel: Risk factors for extubation failure (RR 0-35, 95% CI 0-19-0-64; p=0-0007}.In summary,

Factors related to patient and comorbidities HFNT can be an attractive and more e ective approach

 Age >65 yedps® than COT to prevent postextubation ARF in unselected

« Moderate or sere cardiorespiratory diséase ICU patients.

 Body-mass index 330 Several studies have assessed the e ects of preventive
NIV in high-risk ICU patients. Nava and co-workefsdid

Factors related to acute pathology the rst multicentre randomised controlled trial to evaluate

* Neurological dise&se whether, as compared with COT and standard medical

* Ainway patency probl&m therapy, the early application of NIV immediately after

* Inability to deal with respiratory secrefions extubation was e ective in preventing postextubation ARF

* APACHE Il >12 on extubatioffday in high-risk, critically ill patients. In Nava and co-workers'

* Dicult or prolonged weaniffy study, high-risk critically ill patients were de ned by the

* ARF of cardiac origin following criteria: more than one consecutive failure of the

* Pneumonia as the reason for intubtion weaning trial, chronic heart failure, PaCO greater than

* Positive uid balante 45 mm Hg after extubation, more than one comorbidity

Factors related to functional parameters (excluding chronic heart failure), weak cough de ned as

- Respiratory rate >35 breaths/min an airway care score greater than 8 and less than 12, or

« Rapid shallow breathing index $105 upper airways stridor at extubation not requiring

« MIP>20to 25cm @ immediate reintubation. The panel includes the most

« Peak expiratory ow <60 L/#in common risk factors reported in literature, including these

« P, 45cm HO? ones (also with dierent terminology). The authors

+ VC 10 mL/Kg? reported a signi cant reduction of reintubation frequency

. P,/MIP <03 (4 [8%] of 48 for NIV vs 12 [24%)] of 49 for COT, p=0-03),

which in turn was associated with a lower ICU mortality,
APAQHEII:Acute Physiologi_cAssgssment and Chror_1ic Health E\{aluation II.ARFfﬁClﬂqe NIV group. In a Subsequent study of 162 patients
respiratory failure. MIP= maximum inspiratory pressuiewRy occlusion pressure . . . .
at 0-1 5. VCvital capacity. by Ferrer and colleagues, no dierence in reintubation
frequency was found between NIV and COT delivered
through a Venturi mask in patients at risk of postextubation
Patients receiving HFNT also showed a reduction in ARF2* A reduction in postextubation ARF (16% for NIV
respiratory rate and arterial partial pressure of carbonvs 33% for COT, p=0-03) and in ICU mortality (3% vs 14%,
dioxide (PaCO ), which was statistically signi cant at 3 h p=0-015) was observed with NIV, although hospital
after extubation. In addition, patients experienced lessmortality and 90-day survival were similar. In patients with
discomfort, fewer displacements of the interface, and hypercapnia during the spontaneous breathing trial, NIV
fewer desaturations with HFENT. kally, fewer patients was associated with a signi cant reduction in ICU and
had postextubation ARF requiring any form of ventilator hospital mortality and an increase in 90-day survivalThe
support (8% for HFNT vs 35% for Venturi mask, same authors repeated these results in a randomised
p<0-001), NIV (4% vs 15%, p=0-042), or reintubationcontrolled trial of 106 patients with chronic respiratory
(4% vs 21%, p=0-005) in the HFNT group, suggesting adisorders developing hypercapnia during the spontaneous
potential role of this technique in preventing extubation breathing trial The frequency of postextubation ARF was
failure. The benet of HFNT in reducing reintubation lower in the NIV group than in controls (15% vs 48%,
was observed mainly in patients reintubated because op<0-0001). In addition, 90-day survival was signi cantly
hypoxaemia or inability to clear secretiorfsHernandez improved with NIV. In a before-and-after study, Thille
and co-workers did a multicentre randomised controlled and colleagues found that implementation of a prevent
trial to assess the e ects of 24 h of HFNT and COT inive NIV protocol signicantly reduced the risk of
preventing reintubation in 527 mechanically ventilated reintubation in patients at risk of extubation failure
patients (medical and surgical) at low risk for extubation (23 [15%)] of 150s 23 [28%] of 83, p=0-02)In the control
failure.® In line with the results of Maggiore and cohort, composed of patients treated before implement
colleagues, they found that use of HFNT was associatedation of preventive NIVprotocol, no patient received
with a reduction in the proportion of patients needing preventive NIV, they received COT. On the basis of the
reintubation at 72 h (5%vs 12%, p=0-004), in the available data, the ERS—ATS guidelines suggested that NIV
frequency of postextubation ARF (8%s 14%, p=0-03), should be used to prevent posktubation ARF in high-risk
and in laryngeal oedemas requiring intubation (0% vs 3%, patients (ie, >65 years old or those with underlying cardiac
p=0-001), whereas time to reintubation was similar in or respiratory disease; conditional recommendation, low
both groups? A meta-analysi®f seven studies including certainty of evidencé: The same recommendation was
the two aforementioned studies showed that HFNT made by the American College of Chest Physicians—ATS
signi cantly decreased the reintubation frequency clinical practice guideline on liberation from mechanical
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ventilation in critically ill adults (strong recommendation,
moderate certainty of evidence).””

Only one study compared HFNT and NIV in critically
ill patients at risk of extubation failure. Hernandez and
co-workers did a multicentre, non-inferiority randomised
controlled trial in 604 high-risk patients, comparing prev-
entive use of HFNT or NIV, applied soon after extubation
and maintained for 24 h.** HFNT was not inferior to NIV
in preventing reintubation (19-1% for NIV vs 22-8% for
HFNT; absolute risk difference —3-7; 95% CI —9-1to o; in
the multivariable analysis, the marginal odds ratio (OR)
was 1:25; 95% CI 0 to 1-74), despite the postextubation
ARF frequency at 72 h being higher in the NIV group
(39:8% for NIV wvs 26-9% for HFNT; absolute risk
difference 12-9; 95% CI 6-6 to ), probably because of
greater patient discomfort and difficulties in optimising
NIV application; this possibility is also suggested by the
shorter-than-planned duration of NIV in the NIV group
(14 h, instead of 24 h as intended in the study protocol).
As compared with NIV, HFNT is advantaged by its ease of
use and the lower skill and expertise required by the
operators. The results of this trial support previous
findings that HENT is very well tolerated,”* which in turn
might facilitate its application and could increase patient
compliance with treatment. The trial also indicated that
HEFNT can be an effective alternative to NIV for preventing
AREF in high-risk patients, although further investigation
is needed.

Postoperative setting

Because postoperative ARF increases reintubation
frequency, morbidity, mortality, and length of hospital
stay,”* preoperative risk scores have been developed to
identify patients at risk (ie, those who are older or with
obesity, COPD, or heart disease) and to apply preventive,
perioperative support strategies.”

Several studies have specifically evaluated the appli-
cation of CPAP and NIV in the postoperative period for
patients undergoing major surgery under a general
anaesthetic. The ERS-ATS guidelines suggested NIV for
patients with postoperative ARF (conditional recom-
mendation, moderate certainty of evidence), without
differentiating, however, between prophylactic or thera-
peutic use of NIV." Chiumello and colleagues™ did a
systematic review on the use of NIV and CPAP for
preventive and therapeutic purposes after various types of
major surgery (abdominal, thoracic, thoraco-abdominal
vascular, cardiac, and bariatric surgery). They found that,
as compared with COT, either preventive NIV or CPAP in
the postoperative period improved lung volumes and gas
exchange and might decrease pulmonary complications,
reintubations, and hospital length of stay. In a multicentre
randomised controlled trial, Squadrone and colleagues
assessed the effects of CPAP versus COT in 209 patients
developing hypoxaemia within 1 h after abdominal
surgery.” The early use of CPAP, effectively as a
preventive strategy, decreased frequency of reintubation
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(1% vs 10%, p=0-005), as well as pneumonia (2% vs 10%;
p=0-02) and sepsis (2% vs 9%; p=0-03).

Few trials have assessed the effects of HFNT and COT in
preventing postoperative ARF in patients who have
undergone cardiac or thoracic surgery.®**" These studies
reported conflicting results in terms of the effect of
HFNT on atelectasis and oxygenation. One study, done in
340 patients who had undergone cardiac surgery, found
that escalation in respiratory support owing to ARF onset
was lower with HFNT (38% for HFNT vs 62% for COT)."
Two other studies done after thoracic surgery reported that
HFNT decreased reintubations or hospital length of
stay."* These three studies, however, were not powered
for these outcomes. The Bilevel Positive Airway Pressure
Versus Optiflow study was the first, large, multicentre
randomised controlled trial in this area, comparing HENT
and NIV in 830 patients who had undergone cardiothoracic
surgery and developed hypoxaemia during the spontaneous
breathing trial or after extubation.” In this non-inferiority
trial, NIV and HFNT were applied according to three
different strategies: facilitative, preventive, or curative.
Treatment failure, defined as reintubation, switch to the
other treatment, or premature discontinuation, was similar
in both groups (21% for HFNT and 21-9% for N1V, for the
three strategies combined; absolute risk difference 0-9%,
95% CI —4-9% to 6-6%, p=0-003), as were reintubations
(14% in both groups). A post-hoc analysis showed that there
were no differences in the proportion of patients with
treatment failure between HFNT and NIV when these
techniques were used as a facilitative strategy or as a
curative strategy” When considered as preventive
strategies, however, treatment failure was lower in the
HFNT group (6%) than in the NIV group (13%; p=0-04).
Futier and colleagues evaluated the clinical efficacy of
HFNT and COT after extubation in 220 patients at medium-
to-high risk (Assess Respiratory Risk in Surgical Patients in
Catalonia risk score of =26 points) of postoperative
pulmonary complications after major abdominal surgery
(OPERA trial)."™ No difference was found between the two
groups in the proportion of patients with hypoxaemia
(PaO,/F10, =300) at 1 h after extubation and at treatment
discontinuation. Postoperative pulmonary complications,
duration of hospital stay, and hospital mortality were also
similar between groups. Given the paucity of data available
in patients undergoing major abdominal surgery and the
results of the OPERA trial, the potential usefulness of
HFNT after extubation in these patients remains unclear.

Therapeutic strategy

Therapeutic strategies of ventilatory support are applied
in cases of postextubation ARF, with the aim of avoiding
reintubation both in critically ill medical patients and in
the postoperative setting.

Critically ill medical patients
The ERS-ATS guidelines suggested that NIV should not
be used in the treatment of medical patients with
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Figure : Algorithm for ventilatory support after extubation in critically ill medical patients

HR=heart rate. BP=blood pressure. SpO =pulse-oximeter oxygen saturation. F O =fraction of inspired oxygen. PaO =arterial partial pressure of oxygen. RR=respirat
MIP=maximal inspiratory pressure. VT=tidal volume. VC=vital capacity. SBT=spontaneous breathing trial. COPD=chronic obstructive pulmonary disease. NIV=non-il
ventilation. HFNT=high- ow nasal therapy. COT=conventional oxygen therapy. ABG=arterial blood gas. ARF=acute respiratory failure. * See panel.
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established postextubation ARF (conditional recem
mendation, low certainty of evidence}.This suggestion
was based on the results of two randomised controlled
trials comparing the e ects of NIV and COT on clinical
outcome®” In a single-centre randomised controlled | Lung protective ventilation |

trial, Keenan and colleagué¥randomly assigned 81 high- ¢

risk patients with postextubation respiratory distress to

NIV or COT and found no di erence in the proportion | Bl |

needing reintubation (72% vs 69%; RR 1:04, 95% C| «r--rr-rrmsmrmrrmmsmmr oo ool
0-78-1-38) or hospital mortality (31% for both groups
RR 0-99, 95% CI 0-52-1-91) Esteban and colleagues Yes
did a multicentre randomised controlled trial to evaluate
the e ect of NIV versus COT on all-cause mortality in
221 patients with postextubation ARFNo dierences

Intubated patients undergoing major surgery
(thoracic, abdominal, vascular, and cardiac surgery)

v

Intraoperative phase

Risk factors for
postextubation ARF?

No

Risk factors for postextubation ARF

were found in reintubation frequency and ICU length of « Failure of previous extubation
stay. In the NIV group, however, ICU all-cause mortality cEMiEEY
. 9 %: RR 1.78. 95% CI 1-03-3-2( « Previous cardiac disease
was higher (25% vs 14%; , ) @ (€9, LVEF <40%)
p=0-048) and the time between onset of respiratory %
distress and reintubation was longer in the NIV group | g
(median, 12 h, IQR, 2 h 10 min-28 h) than in the standard- g Consider preventive strategies: Preventive strategies are not indicated
therapy group (median, 2 h 30 min, IQR, 45 min—16 h| & | -Abdorna sugens NIVor GPAP erbat
30 min, p=0-02; RR and CI not indicated for this g NN gent: ’
outcome), suggesting that delay in reintubation might
worsen outcomes. Of note, these two trials enrolled few —
patients with COPD who had postextubation ARF, and p, Close monitoring «
. . . (clinical signs and ABG analysis)

therefore their results cannot apply to this condition.

To our knowledge, no data on the therapeutic use of l
HFNT in critically ill medical patients is available to date. If postoperative ARF develops within 7 days from surgery, consider therapeutic strgtegies

(if not already in use):
) ) « Abdominal surgery*: NIV

Postoperative setting « Cardiothoracic surgeryt: NIV or, as an alternative, HFNT
By contrast with medical patients, the ERS—ATS guidelines ¢

suggested NIV for patients with postoperative ARF
(conditional recommendation, moderate certainty of

evidence) for therapeutic purposés. Chiumello and
Figure : Algorithm for ventilatory support after extubation in postoperative setting

CO”e.agueS reported that, _aS compared with _COT’ th_eraARF:acute respiratory failure. BMI=body mass index. LVEF=left ventricular ejection fraction. NIV=non-invasive
_peUtlc NIV and _CPAP in the postoperat!ve period ventilation. CPAP=continuous positive airway pressure. HFNT=high- ow nasal therapy. ABG=arterial blood gas.
improved atelectasis and gas exchange and might decreasebdominal surgery includes abdominal vascular surgery. tCardiothoracic surgery includes thoracic vascular surger

reintubations, mortality, ICU length of stay, and com-

plications!® In particular, studies have shown that In patients developing ARF after cardiothoracic surgery,
therapeutic NIV can improve outcomes after thoracic and HFNT and NIV are equally e ective in avoiding
abdominal surgery and in patients undergoing solid organ reintubation when used for therapeutic purposes.
transplantation *****!Auriant and colleague¥® reported A post-hoc analys® of the Bilevel Positive Airway
that, as compared with COT, NIV could reduce the needPressure Versus Opti ow non-inferiority triaf° showed, in
for reintubation (21% vs 50%; p=0-035) and hospitalfact, that there were no di erences in treatment failure
mortality (13% vs 38%; p=0-045) in 48 patients developindetween the two techniques, when used in the context of a
ARF after lung resection. Jaber and colleagtiéslid a therapeutic strategy (27% for HFNT vs 28% for NIV,
multicentre randomised controlled trial comparing NIV p=0-93). This might suggest that postoperative HFNT can
and COT in 293 patients developing postoperative ARFbe used as a rst-line, non-invasive technique of
following abdominal surgery. NIV decreased the pro respiratory support after cardiothoracic surgery because it
portion of patients with reintubation occurring within is non-inferior to NIV overall, could even decrease the
7 days (33% vs 46%; p=0-03) and healthcare-associatéklelihood of treatment failure in some patients when
infections (31% vs 49%; p=0-003). In 40 patients withused as a preventive strategy, and provides some
postoperative ARF after solid organ transplantation, advantages over NIV, such as ease of application.
Antonelli and colleagues found that NIV, as compared

with COT, improved oxygenation and decreased the needClinical implications

for reintubation (20% vs 70%; p=0-002), frequency ofWeaning from mechanical ventilation is a complex
complications, and ICU mortality*®® process that should start as early as possible,

Do not delay reintubation and invasive mechanical ventilation, if indicated
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theoretically soon after the beginning of mechanical exacerbation or heart failure compared to non-
ventilation, and continues up to the time when a hypercapnic patients, non-COPD patients, and patients
possible poseéxtubation ARF occurs and must be without heart failure®* whereas the use of NIV is
managed (gure 2). The rst step is, therefore, debated in patients with hypoxaemic ARF Preventive
represented by an appropriate managent of invasive NIV should be started immediately after extubation and
mechanical ventilation based on lung protection. This applied continuously for at least the rst 24 h. In high-
prerequisite is valid both for critically ill medical risk patients, HFNT can be used as an alternative to NIV,
patients and for patients undergoing a surgical because it is not inferior to NIV in preventing postextu
procedure, in which potential lung injury due to non- bation ARF and is associated with better patient comfort
protective, intraoperative mechanical ventilation is and greater ease of use. Besides the availability of
often underestimated:*? Lung injury can result in a devices, the choice of NIV or HFENT in these patients
longer invasive ventilation and in a higher risk of depends on personnel skill and expertise with these
di cult weaning and postextubation ARF compared techniques ( gure 3)* If postextubation ARF develops,
with patients without lung injury.**? NIV is not recommended as a curative strategy in
After extubation, available strategies of respiratorymedical patients and intubation should be preferred.
support should be chosen based on the type of patienin selected patients with COPD, however, a trial of NIV
(medical or surgical), the level of risk of postextubation could be considered, if applied in a safe environment
ARF, and the cause of ARF (table 1, gures 3 and 4)( gure 3).*
Table 2 lists suggested settings for di erent techniques In the postoperative setting, preventive strategies
of ventilatory support after extubation. should be considered in case of a high risk of
Critically ill medical patients should undergo a daily postextubation ARF. Di erent options exist according to
assessment of their ability to breathe unassisted tothe type of surgery. After abdominal and abdominal
evaluate as early as possible the possibility of extubationvascular surgery, early NIV or CPAP are bene ci&h**
At this stage, it is also important to assess whether theAfter cardiothoracic surgery, including thoracic vascular
patient has risk factors for extubation failure (panel). In surgery, NIV is also usefut:In these patients, HFNT can
selected categories of patients, such as those with COPDe used as an alternative to NIV, it has similar e ects on
or developing hypercapnia during the spontaneousoutcome and can be easier to use (gure #¥° If
breathing trial, early extubation and facilitative NIV postextubation ARF develops within 7 days from surgery,
should be considered even after failure of the provided that surgical complications are excluded and
spontaneous breathing trial, if some degree of recoverythe patient is cooperative and able to protect their air
from the initial cause of ARF has been achieved (ie, afteway, NIV should be considered in patients who have
48 h) and no contraindication to NIV exists ( gure 3}.>™ undergone abdominal or cardithoracic surgery*®in
After a successful spontaneous breathing trial, strategiescardiothoracic surgery, HFNT can be used as an
di er according to risk of extubation failure. If no risk alternative to NIV ( gure 4)*
factor has been identi ed (low-risk patients), HFNT is In any case, in both medical and surgical patients, the
the preferable preventive strategy if the device isuse of any technique of postextubation respiratory support
available, given the advantages over COT (gure®3)? should not delay intubation and escalation to invasive
In high-risk patients, NIV might prevent postextubation mechanical ventilation when this is more appropriate,
ARF compared with COT* This protective e ect is because delay can worsen the patient's outcome and
greater in hypercapnic patients and those with COPD increase mortality ( gures 3 and 4y

NIV CPAP HENT

Settings Ventilatory mode: pressure support ventilation; PSV level: 5-15 cmPEER: 5-10 cm H O; Total g&as ow: 30—60 L/min, accordin
PEEP: 4-5 cm H O, up to 8-10 cm H O; Inspiratory trigger sensitivityowvas*8gH./min, to avoid to patient comfort; gas
as possible while avoiding autotriggering (eg, ow trigger 1-2 L/min)rebreathing; F O : the lowesttemperature: 31-37°C, according
pressurisation ramp: high (eg, 80% on a scale 0-100%); expiratory taggach the SpO target to patient comfort and gas ow

25-30% (up to 50—-60% in patients with any chronic obstructive pathology (higher temperature with higher
with increased time constant and dynamic hyperin atiorth& Iowest gas ow); PO : the lowest to reach
to reach the SpO target the SpO target
Targets Tidal volume: 6-8 mL/kg predicted body weight; respiratory rate  Respiratory rate Respiratory rate 30 breaths/min;
30 breaths/min; SpO : 92—98% or 88—-92% in patients with chronic 30 breaths/min; SpO : 92-98% or 88-92% in
respiratory disease SpO : 92-98% or 88-92% inpatients with chronic respiratory
patients with chronic disease

respiratory disease

NIV=non-invasive ventilation. CPAP=continuous positive airway pressure. HFNT= high- ow nasal therapy. PSV=pressure support ventilation. PEEP=positive end-expiratol
pressure. F€nspired oxygen fraction. SyiDIse-oximeter oxygen saturation.

Table : Suggested starting settings for NIV, CPAP, and HFNT after extubation
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Study title (abbreviation) Design

Intervention Primary outcome

NCT02107183
a multicenter, randomized, controlled
trial (RINO)

E cacy of HFN@s NIV for preventing
reintubation in sepsis patients

NCT03246893

NCT03361683
for preventing extubation failure

NCT03495947
NCT02290548

HFNC in immediately post extubation

E ect of high- ow nasal oxygen on
extubation outcome

NCT03441854
after extubation in liver transplantation

NCT01928238
neurally adjusted ventilatory assist
(NAVA) vs noninvasive pressure support
ventilation in patients at risk for
respiratory distress needed preventive use
of non-invasive ventilation after
extubation (NIV-NAVA)

NCT03288311
support study (PROPER)

NCT03562000

cough (PREXFAIL) projected n=368

NCT01967108
in ICU

HFENC=high- ow nasal cannula. ICU=intensive care unit.

Impact of nasal high- ow vs Venturi imskventional, phase not
oxygen therapy on weaning outcome: applicable; projected n=500

Interventional, phase not
applicable; projected n=210

Postextubation high- ow nasal oxygenterventional, phase not
applicable; projected n=170 Venturi mask

Observational; projected n=150 HFNC

Interventional, phase not
applicable; projected n=400 extubation vs standard oxygen

HFNC vs conventional oxygen thera@bservational; projected n=3BHFNC oxygen delivery after

Physiological e ects of non-invasive Interventional, phase not
applicable; projected n=13

Protocolised postextubation respiratbmerventional, phase not
applicable; projected n=630

Preventing extubation failure relatedlttterventional, phase 3;

Postextubation chest physiotherapy Interventional, phase not
applicable; projected n=65

Opti ow (Fisher & Paykel Reintubation within 72 h
Healthcare) vs Venturi mask after extubation or at
ICU discharge

Non-invasive positive pressur®evice failure rate
ventilation vs high- ow oxygen
nasal cannula

High- ow nasal oxygess Postextubation failure

Extubation failure

HFNC immediately used afterReintubation rate

therapy

Post-operative
extubation vs Venturi mask oxygenation measured at
1 h after extubation

Non-invasive neurally adjustethspiratory muscle e ort
ventilatory assist (NIV-NAVA) vs

non-invasive pressure support

ventilation (NPSV)

Protocolised postextubation Rate of reintubation
respiratory support vs usual cani¢hin the 96 h after
extubation

Reintubation rate,
including every cause

Cough assistance and
systematic non-invasive
ventilation

Rate of reintubation
within the 48 h after
extubation

Chest physiotherapy

Table : Ongoing studies on respiratory support after extubation (from ClinicalTrials.gov)

Areas of uncertainty and future research

There are several areas of uncertainty concerning the
use of ventilatory support after extubation. How to
individually tailor treatment to protect extubation is not
clear, a relevant issue in the era of precision medicine
and personalisation of care. The variability in inclusion
and exclusion criteria creates considerable hetero
geneity among published studies. We need, therefore,
to better characterise patients at risk of extubation
failure, which implies a better de nition of risk factors
for postextubation ARF. Undestanding the mechanistic
linkage betweercauses and symptoms of postextubation
ARF would allow improved selection of treatments for
individual patients. Data suggest that the choice of
interface, such as helmets versus masks, could a ect
outcome of NIV*® Assessing the role of di erent NIV
interfaces and emerging technologies such as HFNT or

extracorporeal gas exchange will certainly be areas ofentilatory strategies (facilitative,

Search strategy and selection criteria

We used our existing knowledge of publications on the
subject and identi ed additional references for this Review
through searches of PubMed for articles published from
Jan 1, 1970, to April 30, 2018, using the search terms
“noninvasive ventilation”, “continuous positive airway
pressure”, “high- ow nasal cannula”, “nasal high- ow”,

“nasal high- ow oxygen”, “oxygen therapy”, “extubation”,
“weaning”, and “acute respiratory failure”, with di erent
combinations. The search was limited to studies done in

adult humans ( 18 years old). We reviewed articles resulting
from these searches and references cited in those articles and
we selected the relevant ones. We included articles published
in English, French, Italian, Spanish, and German.

preveive, and

future research. Treatment dose, timing, and intensity therapeutic) is not fully elucidated, especially for
for both established practices (NIV, CPAP) and newspecic categories of patients such as those without
techniques (eg, HFNT) are also areas where researchypercapnia, and will need further investigation, as will
is needed. The value of dierent posixtubation other technologies such aselectrical pacing of the
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diaphragm by transvenous phrenic nerve stimulation 12
to reduce diaphragm dyRinction.*® Finally, early
physiatherapy could play an important part in the
weaning process! Research in these areas is ongoingi3
and could contribute to improvenent of weaning
outcome (table 3).

Conclusions

Non-invasive ventilatory support after extubation has an
important role in improving the outcome of weaning
from invasive mechanical ventilation. Several techniques
are available nowadays and others are emerging. Thest¥
techniques are incorporated in dierent strategies to
facilitate extubation, and to prevent or to treat pest
extubation ARF. Guidelines should direct the imple
mentation of NIV strategies in everyday clinical practice.
In some areas, research is ongoing and additional
evidence is needed. d¥ instance, it will be important to 18
precisely de ne the risk factors for extubation failure, the
relative value of NIV and HFNT, and the dose, timing, and 19
duration of postextubation respiratory support to help
clinicians to use the right device, with the right setting, in )
the right patient, at the right time.

15
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